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^oc.™ WITH M * RKINGS TO SHOW CH AWES MADE 



Tn the specification : 

Section heading beginning a. page 1, line 6 has been amended as foHows: 

[TECHNICAL FIELD] BACKGRQEINDOFTi^ 

Section heading beginning at page 3, Hne 19 has been amended as foHows: 

[DISCLOSURE] SUMMARY OF THE INVENTION 

Partia. paragraph beginning at page 4, line 3 has been amended as foHows: 

,„ parucular, according to one aspect of the present invention, ft-** 
^eu-a process «M for prodncing a sintered aluminum nitride furnished 
with via ho,es, comprising proving an aluminum nitride moldmg having through- 
holes for via hole formation and through-holes for formafion of dummy via ho,cs not 
use d for electrical connect, filling the through-ho.es for via hole formation and the 
ftrough-holes for dummy via hole formation with a conducfive paste and firing the 
aluminum nitride molding and conductive paste, 

Section heading beginning a, page 5, fine 6 has been amended as foHows: 

BRIEF DESCRIPTION OF THE [DRAWING] rmAWNGS 
Paragraph beginning at page 5, fine 7 has been amended as foi.ows: 

Fig , , s a plan of an aluminum nitr.de molding furnished with through-holes 
for via hole formation and through-holes for dummy via hole formation accordmg to 
the present invention^e^^teia^ errele shows a boundary defined 
by a radius of 5.0 mm from the center of a through-hole for via hole formation^ 
Section heading beginning a, page 5, Hne 2, has been amended as f.Hows: 
[BEST MODE FOR CARRYING OUT, DHr»f» ™E 
INVENTION 



Paragraph beginning a, page 5, line 22 has been amended as folios 

,„ ,he present invention, the aiumtnum nitnde moiding Ms obtained by 
moiding a composition comprising powdery aiumtnum nitride, a sintenng aid and 
organic ingredients such as an organic b.nder. Ahhough the eonfiguration thereof ts 
not pantcuiariy iinnted, ,, is generaUy preferred that the a.nminnm nitride moidtng 1 
be in the form of a ^JaM^^ 
nosjunneiyyi^^ 
Paragraph beginning a, page 6, fine 4 has been amended as foHows: 

The aluminum nttnde moiding is fnmtshed with a, ieast one through-ho.e 2_for 
via ho ,e formafion. At .east one of the throngh-hoies 2_for via hoie formation ts | 
pr0 v,ded in snch a h.gh.y tsoia.ed state that, therearonnd, other through-hoies for v,a 
hol e formation are no, denseiy present. As aforementtoned, when an ainminnm 
nitride moidtng L hav,ng htghly tsoiated throngh-hoies 2_for via hoie fonnabon ,s | 
fired, the tnfiuenee of a shrinkage factor dtfferenee between conducfive pcrt.ons and 

fietenorated with the resni, that poor dens.ficatton of via hoies, or poor appearance 
molding as an object to be wrought. 

Paragraph beginning at page 6, fine ,9 has been amended as foH.ws: 

,„ the present inventton, the above problems of the prtor art are soived by 
furnishing the aiumtnum nttnde moiding l_with the through-holes 2_for via hoie 
formation and the through-hoies ^for formation of dummy via hoies not used for 
electnea, conneefion so that the through-holes 2_for via hoie formation havtng been 
fined with the eonduefive paste and the amminum nitnde moidmg respective* exhtbt, 



a firing shortage factor (Xv, %) and a firing shrinkage factor (Xs, %) whose 
difference, Xv - Xs, is in the range of -,,0 to 9.5%, preferah.y 1.0 to 5.5%, and still 
preferably 1.7 to 4.5%. 

Paragraph beginning a. page 7, Hue 5 has been amended as follows: 

The conductive paste wh.ch is filled in the throngh-holes ^contatns the j 
refractory metal as described later. When the refractory metal is bnried in the 
aluminum nitr.de moldtng, while the firing shrtnkage factor (Xs) of aluminum nttr.de 
molding is suhstanttally no, varied by an increase or a decrease of the content of 
refractory metal, the firtng shrinkage factor (Xv, of througb-ho.es ^for via hole | 
formatton becomes approxtmate.y equal to or greater than the value of Xs ,n 
accordance w„h the increase of the content of bur,ed refractory metal. On the other 
ha „d when the content of buried refractory meta, is decreased, the value of Xv 
becomes smaller than the va,ue of Xs. Xs and Xv are no. necessarily to be e q ual, and 

Hmits However, when the d.fference of finng shrinkage factor, Xv - Xs, is less than 
0% there wou.d occur poor denstficatton of via holes, or, attributed thereto, 
erack,ng of interna, conductive laye. and poor appearance. On the other hand, when 
the difference of firing shrtnkage factor exceeds 9.5%, there would occur crack.ug of 
sintered portions of aluminum nitride. 

Paragraph beginning a. page 8, line 1 has been amended as f.Uows: 

Therefore, in the present invention, in order to eliminate the influence of the 
shrinkage factor difference between conducttve porttons and sm.ered portions of 
alumtnum nitride, the alumtnum nitride molding is furnished w„h not only the 
through-holes 2>r via hole formation but also the through-holes 3_of formation of 



dummy via holes not used for e.ectrical connected to thereby appropnately regulate 
the values of (Xv) and (Xs). 

Partia. paragraph beginning a. page 8, fine .3 bas been amended as f.Uows: 

wherein Ra represents the diameter of via hole measured after pefi*4*^ 
to^^hcdMo ^mirrorj^ surface of sintered aluminum nitride, and Rb 
represents the d.ameter of a punching metal mold employed for forming the through- 
hole for via hole formation. 

Parria. paragraph beginning a« page 8, line 21 has been amended as foUows: 

wherein La represents the center distance of the remotes, two via holes 

interposed therebetween. The two via holes are selected from the dummy via holes 
and other via holes which are present around the via hole formed from the via hole 
formation through-hole for determmation of firing shrinkage factor (Xv), i.e.. within a 
radms of 5.0 mm from the center of via hole formation through-hole as described 
below. The La is measured after petts^iah^JoJ™- r—urft^ 
^.^■.o,^* ***! aluminum nitride. ffl f I fr il Wffl 

p^^K^la^When only one dummy via hole is formed or when any 
.wo selected from among dummy via holes and other via holes are not in such a 
positional relationship that they are opposite to each other with the via hole for (Xv) 
determination interposed therebetween, the dtstance corresponding to the above center 
dtstance can be determined by effeefing marking by, for example, dimple or through- 
h0 ,e formatton a, a pos.t.on Cose to the periphery around the above via hole on an 

via holes and dummy via holes and the center of via hole for (Xv, determmarion. 



Paragraph beginning a. page 11, line 15 hns been amended as follows: 

The most remarkable characteristic of the present invention resides in that, ,n 
the production of a snhstrate of stntered aluminum nttnde front the aiuminum nitride 
ntoidtng havtng htghly tsoiated through-holes 2_for via hoie formation, a, .east one 
thr ough-ho,e for forma.ton of dnmmy via hoies inot oscd for ciectnca, connected on 

the snhstrate after firms ,s formed around each of the htghly tsoia.ed through-ho.es 2 

for via hole formation. 

Paragraph beginning a. page 1 1, Hne 23 has been amended as follows: 

By virtue of the formatton of through-hoies for dummy via hoic formation, the 
h)ghly ,so,a,ed through-ho, for via ho.c formatton can he converted to the through- 
ho ,e around whtch throngh-hoics for dummy via hoie formatton and other through- 
ho ,cs for via hoie forma.ton are densely present. As a resui, with respect to the 
sin tered a,um,num nitride obtained by fining these tbtough-hoies with the conduct.ve 
paste and perfomung a firing, the poor densification of via bo.es and the proh.em of 
poor appearance are grealW resolvcdi«*4v. | 
Paragraph beginning a, page 13, Hne 17 has been amended as foH.vvs: 

Th e stntered a.umtnum nitride produced by the present tnventton, when used 
as a substrate for semiconductor mounting, is genera.iy cu, into a p.ura.t.y of sma„ 
chl ps in rectangular or other form. At that time, the pertphery of stntered a.umtnum 
nit ride and partition zones between neighboring smal, chtps are cut off or otherwtse 
machine, for scrapptng. Therefore, in the present inventton, ,, is preferred that the 
thr ough-ho.es for dummy via ho.e formation be disposed m the scrap zones 4_<zo„es 
to be scrapped) of stntered a.uminum nitride, posi.toned within the region around the 
highly isolated through-hole for via hole formation. 



Paragraph beginning a. page ,4, line 4 has been amended as foUows: 

When the sintered a.umtnum nttr.de is tn the form of a sheet, the serap zones 4 j 

cut out, eaeh having a width of 0.3 to 2 mm. 

Paragraph beginning at page .4, Hue 8 has been amended as foiiows: 

The method of furnishing the a,nm,nnm ntttide mo.ding with through-hoies 

sh0 w,„ g the aiuminum nitnde moidtng furn.shed w„h through-hoies 2_fot via hoie j 
formationaecordingtothepriorartandPig. . showing the aiunrinum nitrtde moidmg 
of Fig 2 further fumtshed wtth through-ho.es 3>r dummy via ho,e formatton j 

, is fired into the s.ntered aiumtnnm nttnde, from which a muitipiicity of rectanguiar 
sm afi chtps are cut out as shown hy partition fines, fit the aiuminum nitride moidmg 
, th rough-,toie 2 for fonnatton of a via hoie used for eiectrica, connection of both 

Each through-hoie 2 for via hoie fomtation is in such a high.y tsoiated state that, 
within a radtus of 5.0 mm from the through-hoie center (within dotted fine eiroie,, 
oto through-hoies for via hoie fomtation ate oniy present in the aforemenfioned 
ara0 u„t. When ^th^^aiuminn m nitride moiding . ,W ft— 
^ th e ^sintered aiumtnum nitride wonid he fiKeiy to suffer from, as 

afotementtoned, poor densificatton of vtahoies and hence probiems of erasing and a 

drop of the posittonal accuracy of via hoies^ycmldrestut. 



Par.ia. paragraph beginning a. page .5 Hne 2, has been amended as f.H.ws: 

In the present invention, the aluminum nitride powder for cons,,,u,,n g the 
alumi „ um nitride molding is not part.cuiarly limited, and a known ene-p^can he | 
used ln part.cular, aluminum nitride powder of 5 Mm or less average parhcie 
diam e,er is preferred, alum.num nitride powder of 0.3 m or less average partrcie 
diameter is sti.i Referred, and aiummum nitride powder of 0, to 2 ,m average | 
partide d.ameter is especia.iy preferred, the average parhcie dranreter measured by 
the sedimentatton method. Moreover, the ainminum nitr.de powder havmg an 
average parhcie d.ameter D, as calculated from the specific surface area thereof and 
an average particie d.ameter D2 as measured by the sedimentation method wh.ch 
satisfy the following formulas, 

Paragraph beginning a, page 16, Une 20 has been amended as foHows: 

ln the aiummum nitride powder, the oxygen content ,s 3.0% by we.ght or iess, 
and when the aluminum nitride composition is A1N, the content of cationic impurities 
i5 o 5% by weight or .ess. 1. is especai.y preferred to empioy an aiummum mtnde 

con ,e„t of cationie impunt.es 0.2% by weigh, or less, and the tota, content of Fe, Ca, 

n ,tr,de powder is empioyed, the ^sintered aiummum n.tride exhib.ts 

a tHsW^gieallv increased thermal conductivity. 

Paragraph beginning a. page 19, Une 1 has been amended as foUows: 

Af;4tewm( ^^^ formed through-holes for v.a 

hole formation and through-holes for dummy via hole format.on are filled, ^ 
hmllUn ^^. e0 ^.^ by mixing *e-»efrac,ory metal powder 
and an organic vehicle into a paste. 



Paragraph beginning at page 20, line .1 has been amended as foi.ows: 

U is genera,,y preferred that the orgamc vehicle component be added in an 
a m „un, of 2 to 9 parts by werght per ,00 parts by we.ght of the refractory meta. 

inorg anic substance powder cannot be satisfactory d.spersed and formtng the same 
into a paste is difficult, so that the ft.hng property wonld be deteriorated. On the other 

mo r g an,c substance concentration of the conductive paste becomes reiativeiy tew 
^g^the unfavorabie ^^VSMOKJ**** densif.eation of fcv.a 

Paragraph beginning a. page 20, Hne 23 has been amended as fo.lows: 

[n the present invention, the conductive paste preferably contains *ef»^ 
^aluminum nitride^. The atemtnum nitride powder is effective in enhancing 
the smterabi.ity of the refractory meta, and enhaneng the adherence thereof to the 
sintered aluminum nitride .^idmgj. Further, by virtue of the presence of the 
aiuminum nitride powder in the conductive paste, the d.fference e^shrmKage 
factor between ^aluminum nitride portton and conductive porfion is reduced to 
.Hereby enhance the drmenstona, stabihty of sintered product 
,ha, the object of the present invention ean bemore favorabiy patterned. 
Paragraph beginning a. page 21, Hne 9 has been amended as foi.ows: 

With respect to (he aluminum nitride powder, unknown er^ncffidercan be 
used without any parficular limitation. In particular, the aforementioned aluminum 
nhride powder preferably used in the aluminum nitride molding is exce.len, m the 
sinteramUty with the refractory meta, and is effective in enhaneng the adherence of 
^conductive portion. The alum.num nitride powder is generally added .„ an 



amount of 2 to ,0 parts by weight, preferably 3 to 7 parts by weigh,, pet ,00 pans by 
weight of the refractory metal powder. 

Paragraph beginning a, page 21, line 18 has been amended as foi.ows: 

In the conductive paste composttion, when the amount of alummum nitr.de is 
,ess than 2 pans by weigh,, the adheston strength between fcconducfive pon.on and 
^sintered alum.num nttnde ,e„ds ,o decrease, or me shrinkage fac.or d.fference 
be,ween ^sintered a.uminum nhride pon.on and ^conductive ponion tends to 
,„crease, so that the danger of votd oecunenee a. a junct.on interface wonid be high. 
On the other hand, when the amount of a.uminum nitride is greater than 10 pans by 
weight the vtsccstty of ^conductive paste tends to mcrease so as to suffer 
de ,er,ora,ion of dining propeny. As a result, the adheston strength between ,1, 
conducts ponton and ^sintered ainminum nitride tends to be decreased by vo.ds 
^^r^,™^ «he conductive ponton, or the surface of ^conductive 
portion tends to be disco.ored by ^aluminum nitride, to thereby invite the danger of 
an increase of clectncal resistance of fevia holes. Moreover, in the event that votds 
have occurred at the junction mterface or tn the conducttve ponton as mentioned 
above, a gas or Uquid would be trapped in the votds in the process of thin film 
formatton with the result that a film detachment by expanston of gas or liquid, or a 
drop off,.m adhesion strength by din sticking «o the surface of sintered product wottld 



tend to occur. 



Paragraph beginning a, page 23, .ine 11 has been amended as foHows: 

With respect to the method of dewaxtng, generally performed methods can be 
employed without limitation. The dewaxtng atmosphere is not pan.cularly limited as 
,ong as exeepM^oxidative atmosphere such as atmospheric air which might 
oxidtze the refractory For example, there can preferably be 



employed an atmosphere of anjner, gas such as nitrogen, argon or helium; an 
atmosphere of a_reduc,ng gas such as hydrogen; an atmosphere of a gas consisting of 
a mixture thereof; an atmosphere of a gas thereof whtch has been humidified; or a 
vacuum. 

Paragraph beginning at page 25, line 20 has been amended as follows: 

In order to obtain ^sintered aluminum nitnde of high thermal conducttvity, 
i, is desirable to fire the aluminum nitride molding ba^MuiM^een dewaxed 
so that the restdua, carbon ratio of ^aluminum nitride molding falls within the range 
of 800 to 3000 PP m (hereinafter referred ,0 simply as "dewaxed material") at 1200 to 
,700°C, preferably .500 to 1650°C, and thereafter 1800 to 1950°C, preferably 1820 
,0 1900°C. When dewaxing is performed so as to ensure a high residual carbon ratio, 
the resultant sintered aluminum nitride is generally likely to suffer from the problems 
of poor densificatton of vta holes and poor appearance such as cracking, while the 
above high then™, conductivity can be ensured. These problems can be resolved by 
the above two step firing. 

Paragraph beginning at page 26, line 23 has been amended as follows: 

It is preferred that the first-step firing temperature range from 1500 to 1650°C 
from the vtewpomt thai the oxygen removing reacfion by reduction can be promoted 
with especially htgh efficiency so as to mcrease the thermal conductivity of the 
sintered aluminum nitride. When the second-step finng temperature is lower than 
180 0°C, it would noLbe *fea^fcnsM^to sattsfactorily sinter the aluminum 
nitnde. As the result, it would ooibe satisfactorily mcrease the 

thermal conductivity of the sintered aluminum nitride. 



Partia! paragraph beginning at page 32, Hne 11 has been amended as foUows: 

On a sintered aluminum nitride after ^^\m^S«m^^ * "tirror | 
surface, five via holes were randomly selected, and the diameters thereof were 
measured and averaged to thereby obtain an average diameter Ra. The firing 
shrinkage factor was calculated by the formula: 

Partial paragraph beginning a. page 32, fine 17 has been amended as follows: 

wherein Ra represents an average of the diameters of five via holes measured 
on a sintered aluminum nitride after pett* ^mn!U!»M^- » ™™ r ^ \ 
surface, and Rb represents the d.ameter of a ptmchmg metal mold employed for 
forming the through-holes for via hole formation. 

Paragraph beginning at page 32, line 24 has been amended as follows: 

With respect to each of the through-holes of aluminum nitride molding for 
formation of five via holes selected in the above measurement of firing shnnkage 
factor (Xv), the center distance of two via holes of remotest posrtional relationship 
opposite to each other, with a, leas, part of the above through-hole for via hole 
fonnat.cn interposed therebetween was measured by the use of a measure scope. The 
,wo via holes are selected from the other through-holes via hole formation and 
through-holes for dummy via hole formafion whrch were present within a radrus of 
5.0 mm from the center of the through hole for via hole formafion used for 
me asurement of (Xv). The measured center distances were averaged, and des.gnated 
Lb. Moreover, with respect to the s.ntered product from the aluminum nitride 
moldmg, after p^berngj^olishe^l^ a rmrror surface, the center d.s.ances 
between two via holes derived from the other through-holes for via hole formation 
and through-holes for dummy via hole formation used for measurrng the above 



average Lb were measured. The measured eenter distances were averaged, and 
designated La. 

Partial paragraph beginning at page 34, line 5 has been amended as follows: 

Sintered aluminum nitride was subjected to fHt^^mm^LMJ™^* 
mirror^ surface. In a h,gh vacuum of Iff* torr, 0.06 ^ thtck Ti, 0.2 ^ thtck P. 
and 0.6 ^ thtck An metallic thin films were sequentially formed on the surface by 
sputtering. The resultant sintered aluminum nitride was allowed to stand still in the 
atmospheric air a, 450»C for 5 min, and the appearance thereof was observed by 
vtsnal mspecfion and through a stereomicroscope (MO). The appearance was 
evaluated on the following criteria: 

Paragraph beginning at page 35, line 10 has been amended as follows: 

Sintered aluminum nitride, after pafeh Irke^poHshm, to mirror-Ukc surface, 
was cut and divided into small chrps. Thereafter, the electrical resistance of via holes 
was measured. 
Tn the claims : 

Claim 5 has been amended as follows: 

5. The process as claimed in-^^*^^ wherein thr0USh " 

holes for dummy via hole formation are formed in a scrap zone within the sintered 
aluminum nitride. 

Claim 7 has been amended as follows: 

The process as claimed in-any of ,Ws 1 uW> chum I. wherein a 



7. 



composition comprising 100 parts by wetght of a refractory metal, 2 to 10 parts by 
weight of powdery aluminum nitride and 2 to 9 parts by weight of an organic vehicle 
is used as the conductive paste. 



In the abstract : 

The section heading beginning at page 51 line 1 has been amended as follows: 

ABSTRACT OFJiiE_DISCiOSURE 



